21 eve.salonius@helsinki.fi 22 E-mail addresses: eve.salonius@helsinki.fi (E. Salonius), lassi.rieppo@oulu.fi (L. Rieppo), 23 mikko.nissi@uef.fi (M. Nissi), hertta.pulkkinen@live.com (H.J. Pulkkinen), 24 H.Brommer@uu.nl (H. Brommer), anne@brunott.biz (A. Brünott), tuomosilvast@gmail.com 25 (T.S. Silvast), r.vanweeren@uu.nl (P.R. van Weeren), virpi.muhonen@helsinki.fi (V. 26 Muhonen), pieter.brama@ucd.ie (P.A.J. Brama), ilkka.kiviranta@helsinki.fi (I. Kiviranta) 27 28 Running title: Critical-sized cartilage defects in the equine carpus 29 30 Abstract 36 Aim: The horse joint, due to its similarity with the human joint, is the ultimate model for 37 translational articular cartilage repair studies. This study was designed to determine the 38 critical size of cartilage defects in the equine carpus and serve as a benchmark for the 39 evaluation of new cartilage treatment options. 40 Materials and Methods: Circular full-thickness cartilage defects with a diameter of 2, 4 and 8 41 mm were created in the left middle carpal joint and similar osteochondral (3.5 mm in depth) 42 defects in the right middle carpal joint of five horses. Spontaneously formed repair tissue was 43 examined macroscopically, with MR and µCT imaging, polarized light microscopy, standard 44 histology and immunohistochemistry at 12 months. 45 Results: Filling of 2 mm chondral defects was good (77.8±8.5%) but proteoglycan depletion 46 was evident in Safranin-O staining and gadolinium-enhanced MRI (T1Gd). Larger chondral 47 defects showed poor filling (50.6±2.7% in 4 mm and 31.9±7.3% in 8 mm defects). Lesion 48 filling in 2, 4 and 8 mm osteochondral defects was 82.3±3.0%, 68.0±4.6% and 70.8±15.4%, 49 respectively. Type II collagen staining was seen in 9/15 osteochondral defects but only in 50 1/15 chondral defects. Subchondral bone pathologies were evident in 14/15 osteochondral 51 samples but only in 5/15 chondral samples. Although osteochondral lesions showed better 52 neotissue quality than chondral lesions, the overall repair was deemed unsatisfactory because 53 of the subchondral bone pathologies. 54 Conclusions: We recommend classifying 4 mm as critical osteochondral lesion size and 2 mm 55 as critical chondral lesion size for cartilage repair research in the equine carpal joint model. 56 4
intrinsic repair capacity of equine cartilage in the specific joint must be known. 68 A critical-sized lesion is a lesion of a size beyond which the defect does not heal 69 spontaneously. Knowledge about critical lesion sizes in animal experiments is necessary for 70 cost reduction and minimizing the suffering of animals while still providing reliable data on 71 the effect of the studied technique. Critical lesion size used in previous equine studies has 72 been defined as lesion size beyond which any void made is not filled. (5) However, tissue 73 quality should also be taken into consideration when defining cartilage repair. Aiming at 74 tissue regeneration, i.e. restoration of normal tissue architecture and function, instead of 75 merely filling the defects is paramount for achieving durable results. (6) Therefore, this kind 76 of defect filling cannot be considered to be successful healing. 77 There are no recent studies on spontaneous cartilage repair in the equine carpus, and previous 78 studies have generally used basic methods, such as macroscopic inspection, standard 79 histology and basic biochemistry for the assessment of repair tissue quantity and quality. (5,7) 80 Apart from this, to our knowledge, there are no data on the long-term evolution of artificially 81 made superficial chondral lesions in horses. Given the increasing recognition of the equine 82 model for the evaluation of cartilage repair techniques, (1, 3, 8) and the equine carpus being the 83 most common site of naturally occurring osteoarthritis after metacarpophalangeal joint, (9) 84 our study focused on characterization of the long-term spontaneous repair of variably sized 85 chondral and osteochondral defects in the equine carpus using state-of-the-art analytical 86 techniques. As small cartilage defects have been thought to heal well, (3,5,8) we hypothesized 87 that the critical defect size would be larger than 2 mm in diameter. clinically and radiologically prior to inclusion in the study and were found to be skeletally 101 mature and to present no abnormalities. 102 The horses received meloxicam pre-operatively (0.6 mg/kg, i.v., Metacam®, Boehringer 103 Ingelheim). The middle carpal joints were approached through a lateral-dorsal and medio-104 dorsal 1.5-2 cm length arthrotomy to create defects of 2 mm (3 mm 2 ), 4 mm (13 mm 2 ), 6 mm 105 (28 mm 2 ) and 8 mm (50 mm 2 ) in diameter on the 2 nd , 3 rd and 4 th carpal bones as shown in Post-operatively, the animals were confined to individual box-stalls (3.5×3.5m) for two 115 weeks, after which a gradual six-week rehabilitation program consisting of incremental 116 controlled walking started. Thereafter, depending on the season and weather conditions, the 117 animals were turned out to pasture or kept in box stalls with daily exercise of 20-30 minutes 118 in a mechanical horse walker. The exercise regimen was identical for all horses. Synovial 119 fluid and blood samples were collected at weeks 0, 2, 6, 14, 26, 38 and immediately after 120 euthanasia. The total follow-up period was 12 months during which the lesions were allowed 121 to heal spontaneously. 122 The 6 mm lesions created in os carpale IV were used in other studies. (10-12) As their 123 processing was different from the other samples, the 6 mm lesions are not included in this 124 study. 126 After sacrificing the animals, the carpal joints were opened and macroscopic photographs 127 were taken. Cylindrical osteochondral samples (14 mm in diameter and approximately 1 cm 128 in depth) were taken using a hollow drill that was centered over the original lesion. The 129 samples were frozen and stored at -20°C until further processing. Figure 8 . 302 Typically, osteochondral defects showed lower values of OARSI score than chondral defects 303 (Table 1 ). This is indicative of better tissue quality in the osteochondral samples. Loss of There were some limitations in this study. Since defects were created in different sites of the 380 joint, they were subjected to different weight-bearing conditions. (7,8) All defects with the 381 same diameter were, however, located on the same site and thus the comparison between 382 chondral and osteochondral defects is justified. The third carpal bone, where the 4 mm and 8 383 mm defects were located, bears most weight and is the site in the equine carpus that is most 384 frequently affected by cartilage pathologies. (29) Nonetheless, not even the 2 mm lesions 385 located on the less weight-bearing second carpal bone healed well. 386 Altogether four defects were created in the middle carpal joint of the horses. The combined 387 area of these defects was 94 mm 2 , which might possibly have affected the repair of the 388 individual lesions, although degenerative changes were absent around the lesions or on the 389 articulating surfaces. Further, it is not uncommon to create more defects per joint when using 390 the equine model (30,31). In our study in the carpus, none of the lesions with a diameter of 4 391 mm (13 mm 2 ) or 8 mm (50 mm 2 ) healed with mature hyaline cartilage. Even the smallest 2 392 mm in diameter (3 mm 2 ) lesions, which were initially thought to serve as the control lesions 393 with good spontaneous healing showed repair tissue of questionable quality at 12 months. Repair tissue seemed to originate partly from the subchondral bone at the sites where the 538 calcified cartilage was disrupted (arrows). Scale bars: 1 mm.
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Macroscopic evaluation and sample collection
